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ABSTRACT

Background

Root canal therapy is a sequence of treatments involving root canal cleaning, shaping, decontamination and obturation. It is conventionally
performed through a hole drilled into the crown of the affected tooth, namely orthograde root canal therapy. For teeth that cannot be
treated with orthograde root canal therapy, or for which it has failed, retrograde root filling, which seals the root canal from the root apex,
is a good alternative. Many materials, such as amalgam, zinc oxide eugenol and mineral trioxide aggregate (MTA), are generally used. Since
none meets all the criteria an ideal material should possess, selecting the most efficacious material is of utmost importance.

Objectives

To determine the effects of different materials used for retrograde filling in children and adults for whom retrograde filling is necessary
in order to save the tooth.

Search methods

Cochrane Oral Health's Information Specialist searched the following databases: Cochrane Oral Health's Trials Register (to 13 September
2016); the Cochrane Central Register of Controlled Trials (CENTRAL; 2016, Issue 8) in the Cochrane Library (searched 13 September 2016);
MEDLINE Ovid (1946 to 13 September 2016); Embase Ovid (1980 to 13 September 2016); LILACS BIREME Virtual Health Library (1982 to 13
September 2016); and OpenSIGLE (1980 to 2005). ClinicalTrials.gov and the World Health Organization International Clinical Trials Registry
Platform were searched for ongoing trials. We also searched Chinese BioMedical Literature Database (in Chinese, 1978 to 20 September
2016); VIP (in Chinese, 1989 to 20 September 2016); China National Knowledge Infrastructure (in Chinese, 1994 to 20 September 2016);
and Sciencepaper Online (in Chinese, to 20 September 2016). No restrictions were placed on the language or date of publication when
searching the electronic databases.

Selection criteria

We selected randomised controlled trials (RCTs) only that compared different retrograde filling materials, with reported success rate that
was assessed by clinical or radiological methods for which the follow-up period was at least 12 months.

Materials for retrograde filling in root canal therapy (Review) 1
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


mailto:maxiangyu398@163.com
https://doi.org/10.1002%2F14651858.CD005517.pub2
http://clinicaltrials.gov/
http://apps.who.int/trialsearch/
http://apps.who.int/trialsearch/

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Data collection and analysis

Two review authors extracted data independently and in duplicate. Original trial authors were contacted for any missing information. Two
review authors independently carried out risk of bias assessments for each eligible study following Cochrane methodological guidelines.

Main results

We included six studies (916 participants with 988 teeth) reported in English. All the studies had high risk of bias. The six studies examined
five different comparisons, including MTA versus intermediate restorative material (IRM), MTA versus super ethoxybenzoic acid cement
(Super-EBA), Super-EBA versus IRM, dentine-bonded resin composite versus glass ionomer cement and glass ionomer cement versus
amalgam. There was therefore little pooling of data and very little evidence for each comparison.

There is weak evidence of little or no difference between MTA and IRM at the first year of follow-up (risk ratio (RR) 1.09; 95% confidence
interval (Cl): 0.97 to 1.22; 222 teeth; quality of evidence: low). Insufficient evidence of a difference between MTA and IRM on success rate at
the second year of follow-up (RR 1.06; 95% Cl: 0.89 to 1.25; 86 teeth, 86 participants; quality of evidence: very low). All the other outcomes
were based on a single study. There is insufficient evidence of any difference between MTA and Super-EBA at the one-year follow-up (RR
1.03; 95% Cl: 0.96 to 1.10; 192 teeth, 192 participants; quality of evidence: very low), and only weak evidence indicating there might be a
small increase in success rate at the one-year follow-up in favour of IRM compared to Super-EBA (RR 0.90; 95% Cl: 0.80 to 1.01; 194 teeth;
quality of evidence: very low). There was also insufficient and weak evidence to show that dentine-bonded resin composite might be a
better choice for increasing retrograde filling success rate compared to glass ionomer cement at the one-year follow-up (RR 2.39; 95% Cl:
1.60 to 3.59; 122 teeth, 122 participants; quality of evidence: very low). And there was insufficient evidence of a difference between glass
ionomer cement and amalgam at both the one-year (RR 0.98; 95% Cl: 0.86 to 1.12; 105 teeth; quality of evidence: very low) and five-year
follow-ups (RR 1.00; 95% Cl: 0.84 to 1.20; 82 teeth; quality of evidence: very low).

None of these studies reported an adverse event.

Authors' conclusions

Based on the present limited evidence, there is insufficient evidence to draw any conclusion as to the benefits of any one material over
another. We conclude that more high-quality RCTs are required.

PLAIN LANGUAGE SUMMARY

Materials for retrograde filling in root canal therapy
Review question

This review examined the effects of different materials used for retrogradefilling in children and adults for whom this treatmentis necessary
in order to save the tooth.

Background

The living part of the tooth, also known as the tooth pulp, can become irreversibly inflamed as a result of damage or bacterial infection
due to tooth decay. To deal with this problem, the dentist has to drill a hole to access the inner space of the tooth or root canal system,
and remove the infected tissue and toxic irritants by a combination of mechanical cleaning and irrigation. After this is done, the dentist
fills the space with an inert packing material and seals the opening. This procedure is known as root canal therapy. Although results are
generally good, a small number of failures do occur. This may be attributed to the complexity of the root canal system, which has many
small additional pathways communicating with each other, making it difficult to completely eliminate all of the toxins and irritants. These
can spread, causing the infection around the root to last indefinitely. When root canal therapy fails, a retreatment called retrograde filling is
a good alternative to save the tooth. During retrograde filling the dentist cuts a flap in the gum and creates a hole in the bone to get access
to the bottom tip of the root. After cutting off the tip, then thorough preparation, the apex is sealed (the apical seal) and the hole made
by the dentist filled with a dental material. This sealing process is thought to be the single most important factor in achieving success in
a retrograde root filling. Many materials have been developed to seal the root tip, mineral trioxide aggregate is the material of interest at
present, but there is no consensus about which material is best.

Study characteristics

The evidence in this review, which was carried out together with Cochrane Oral Health, is up-to-date as of 13th September 2016. We
included six studies that evaluated 916 participants and 988 teeth, who were undergoing retrograde filling using different types of
filling material: mineral trioxide aggregate (MTA), intermediate restorative material (IRM), super ethoxybenzoid acid (Super-EBA), dentine-
bonded resin composite, glass ionomer cement, and amalgam. Five studies were conducted in Europe and one in Asia. Studies measured
the success rate with clinical or radiological methods. None of the studies reported possible side effects.

Key results

Materials for retrograde filling in root canal therapy (Review) 2
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The limited evidence is insufficient to draw any conclusion as to the benefits of any one material over another, so we are not able to
recommend which material is best to use in retrograde filling at present.

Quality of the evidence

The evidence presented is of very low quality due to the small amount of available studies, all at high risk of bias, results were imprecise
and may not be applicable to other settings/countries.

Materials for retrograde filling in root canal therapy (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. MTA versus IRM for retrograde filling in root canal therapy

MTA versus IRM for retrograde filling in root canal therapy

Patient or population: patients needing retrograde filling in root canal therapy

Settings: UK and the Netherlands
Intervention: MTA versus IRM

Outcomes Illustrative comparative Relative ef- Number of Quality of the Comments

risks* (95% Cl) fect participants evidence

(95% Cl) (studies) (GRADE)
Assumedrisk  Correspond-
ing risk

IRM MTA
Success rate - 1-year outcome 806 per 1000 879per1000 RR1.09 222 elele) Weak evidence of little or no difference be-
(teeth as unit of analysis) (782 to 983) (0.97t01.22) (2 studies) low ! tween MTA and IRM at the first year of fol-

Assessed by combination of clini-
cal and radiological methods
Follow-up: mean 1 year

low-up

Insufficient evidence of a difference between
MTA and IRM after 2 years of follow-up (RR
1.06; 95% Cl 0.89 to 1.25; participants = 86;
studies = 1; quality of evidence: very low?)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl)
Cl: confidence interval; IRM: intermediate restorative material; MTA: mineral trioxide aggregate; RR: risk ratio

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low quality: we are very uncertain about the estimate

1 Downgraded by 2 due to (1) high risk of bias: both studies had the personnel unblinded due to the nature of the study design, and Chong 2003 had incomplete outcome data
reported; and (2) imprecision: only 2 studies were included.
2 Downgraded by 4 due to (1) risk of bias (downgraded by 1): the only study included had high risk of bias on incomplete data reporting and personnel blinding; (2) imprecision
(downgraded by 2): only 1 study included; and (3) indirectness (downgraded by 1): participants were from the UK and therefore the results may not be applicable elsewhere.
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Summary of findings 2. MTA versus Super-EBA for retrograde filling in root canal therapy

MTA versus Super-EBA for retrograde filling in root canal therapy

Patient or population: patients needing retrograde filling in root canal therapy
Settings: South Korea
Intervention: MTA versus Super-EBA

Outcomes Illustrative comparative risks* Relative ef- Number of Quality of the Comments
(95% CI) fect participants evidence
(95% CI) (studies) (GRADE)

Assumedrisk  Corresponding
risk

Super-EBA MTA

Success rate - 1-year outcome (partici- 931 per1000 959 per 1000 RR1.03 192 ®O0O Insufficient evidence of a dif-
pants as unit of analysis) (894 to 1000) (0.96 t0 1.10) (1 study) very low ! ference between MTA and Su-
Assessed by combination of clinical and per-EBA on retrograde filling af-
radiological methods ter 1-year follow-up

Follow-up: mean 1 year

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl)
Cl: confidence interval; MTA: mineral trioxide aggregate; RR: risk ratio; Super-EBA: super ethoxybenzoid acid

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low quality: we are very uncertain about the estimate

1 Downgraded by 4 due to (1) high risk of bias (downgraded by 1): the only included study (Song 2012) had high risk of bias regarding incomplete data reporting and personnel
blinding; (2) indirectness (downgraded by 1): participants were from South Korea and therefore the results may not be applicable elsewhere; and (3) imprecision (downgraded
by 2): only 1 study included and the small population might cause serious imprecision.

Summary of findings 3. Super-EBA versus IRM for retrograde filling in root canal therapy

Super-EBA versus IRM for retrograde filling in root canal therapy

Patient or population: patients needing retrograde filling in root canal therapy
Settings: Sweden
Intervention: Super-EBA versus IRM
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Outcomes Illustrative comparative risks* Relative ef- Number of Quality of the Comments

(95% ClI) fect participants evidence

(95% Cl) (studies) (GRADE)
Assumedrisk  Corresponding
risk

IRM Super-EBA
Success rate - 1-year outcome (teeth 906 per 1000 815 per 1000 RR 0.90 194 B0 Avery low grade of evidence showed
as unit of analysis) (725 to 915) (0.80to 1.01) (1 study) very low ! that there might be some possibility
Assessed by combination of clinical and that the usage of IRM might slightly
radiological methods increase success rate for retrograde
Follow-up: mean 1 year filling compared to Super-EBA

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl)
Cl: confidence interval; IRM: intermediate restorative material; RR: risk ratio; Super-EBA: super ethoxybenzoid acid

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low quality: we are very uncertain about the estimate

1 Downgraded by 4 due to (1) high risk of bias (downgraded by 1): high risk of bias existed in the only included study (Wélivaara 2011) on allocation concealment and personnel
blinding; (2) indirectness (downgraded by 1): participants were from Sweden and therefore the results may not be applicable elsewhere; and (3) imprecision (downgraded by 2):
only 1 study included and the small population might cause serious imprecision.

Summary of findings 4. Dentine-bonded resin composite versus glass ionomer cement for retrograde filling in root canal therapy

Dentine-bonded resin composite versus glass ionomer cement for retrograde filling in root canal therapy

Patient or population: patients needing retrograde filling in root canal therapy
Settings: Denmark
Intervention: dentine-bonded resin composite versus glass ionomer cement

Outcomes Illustrative comparative risks* Relative ef- Number of Quality of the Comments
(95% CI) fect participants evidence
(95% CI) (studies) (GRADE)

Assumedrisk  Corresponding
risk
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Glass Dentine-bond-
ionomer ce- ed resin com-
ment posite
Success rate - 1-year outcome PP analysis 306 per 1000 731 per 1000 RR 2.39 122 OO There was insufficient and
(participants as unit of analysis) (490 to 1000) (1.60 to 3.59) (1 study) very low 1 weak evidence showing that
Assessed by combination of clinical and radio- the usage of dentine-bonded
logical methods composite might result in high-
Follow-up: mean 1 year er success rate assessed by clin-
ical and radiological methods
compared to glass ionomer ce-
ment
Success rate - 1-year outcome PP analysis 519 per 1000 825 per 1000 RR 1.59 127 DEOO There was insufficient and
(root as unit of analysis) (623 to 1000) (1.20 t0 2.09) (1 study) very low 1 weak evidence showing that

Assessed by combination of clinical and radio-

logical methods
Follow-up: mean 1 year

the usage of dentine-bonded
composite might result in high-
er success rate assessed by ra-
diological methods compared
to glass ionomer cement

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl)
Cl: confidence interval; PP: per-protocol; RR: risk ratio

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low quality: we are very uncertain about the estimate

1 Downgraded by 4 because of (1) high risk of bias (downgraded by 1): the included study (Jensen 2002) did not have participants, personnel or outcome assessors blinded; (2)
indirectness (downgraded by 1): participants were from Denmark and therefore the results may not be applicable elsewhere; and (3) imprecision (downgraded by 2): only 1 study

included and the small population might cause serious imprecision.

Summary of findings 5. Glass ionomer cement versus amalgam for retrograde filling in root canal therapy

Glass ionomer cement versus amalgam for retrograde filling in root canal therapy

Patient or population: patients needing retrograde filling in root canal therapy

Settings: Sweden

Intervention: glass ionomer cement versus amalgam

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]
*32UBPINS pashiL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) ay1 9107 @ 3y3uAdod

(ma1nay) Adesayy jeued joou ui Sunjiy oapeiSo43aa 10j sjerdrey

Outcomes Illustrative comparative risks* Relative ef- Number of Quality of the Comments
(95% ClI) fect participants evidence
(95% Cl) (studies) (GRADE)
Assumedrisk  Corresponding
risk
Amalgam Glass ionomer
cement
Success rate - 5- 854 per 1000 854 per 1000 RR 1.00 82 OO There was insufficient evidence of a difference between
year outcome (717 to 1000) (0.84to0 1.20) (1 study) very low ! glass ionomer cement and amalgam on success rate of ret-
Clinical and radio- rograde filling during 5 years of follow-up
logical methods
Follow-up: mean 5 There was also insufficient evidence of a difference be-
years tween glass ionomer cement and amalgam on success rate

of retrograde filling during 1 year of follow-up (RR 0.98; 95%
C10.86 to 1.12; tooth = 105; studies = 1; quality of evidence:
very low)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl)
Cl: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low quality: we are very uncertain about the estimate

1 Downgraded by 4 due to (1) high risk of bias (downgraded by 1): the included study (Jesslen 1995) was at high risk of bias as the personnel were impossible to be blinded
considering the nature of the study; (2) indirectness (downgraded by 1): participants were from Sweden and therefore the results may not be applicable elsewhere; and (3)
imprecision (downgraded by 2): only 1 study included and the small population might cause serious imprecision.
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BACKGROUND

Description of the condition

Root canal therapy is a sequence of treatments for the infected pulp
of a tooth which results in the elimination of that infection and the
subsequent protection of the decontaminated tooth from future
microbial invasion (Cohen 2006). It involves the removal of the
infected pulp, the subsequent shaping, cleaning, decontamination
of the hollow tooth core and obturation. Traditionally, treatment
is carried out through a hole drilled on the top of the crown
of the tooth, and it is known as orthograde root canal therapy
(Figure 1 (A and B)). With the development of new materials and
techniques, orthograde root canal therapy has been demonstrated
to provide satisfactory results for patients in most cases. However,

because of the well-known complexity of the root canal system and
the acknowledged difficulty of completely eliminating all bacteria,
their by-products and toxins, from the canal system, failures occur
at a reported rate of 4% to 15% (Sjogren 1990; Swartz 1983; Wong
2004). A higher failure rate was ascertained by Eriksen's review
of multiple clinical studies of success and failure (Eriksen 1991).
There are many causes for such failures, such as untreated canals,
ledges formation, perforations, and overextensions of root-filling
materials. To plan treatment effectively, the clinician may place the
aetiological factors into four groups (Sundqvist 1998):

1. persistent or reintroduced intraradicular micro-organisms;

2. extraradicular infection;

3. foreign body reaction;

4. true cysts.

Figure 1. A: an infected tooth. The inner space of the tooth is the root canal system, where the pulp is located.

The pulp of this tooth is irreversibly inflamed from bacterial infection due to decay. B and C: the process of root
canal therapy. B: a hole has been drilled from the top of the crown of the tooth. The dentist could then remove the
infected tissues and toxic irritants by a combination of mechanical cleaning and irrigation in the root canal system
through the hole. C: after cleaning and irrigation, the dentist fills the space with an inert packing material and seals
the opening. D and E: the process of retrograde filling. D: when retrograde filling is indicated, the dentist needs to
cut a flap in the gum and creates a hole in the bone to get access to the bottom tip of the root. E: after cutting off the
tip, then thorough preparation, the apex is sealed (the apical seal) and the hole made by the dentist filled with a

dental material.

For these treatment failures, conventional orthograde endodontic
retreatment is always the first choice. Although it is a highly
predictable option in most cases, periradicular surgery may be

indicated for teeth with persistent periradicular pathosis that have
not responded to non-surgical approaches (Lee 2004). Sometimes,
apical surgery is preferred to orthograde treatment for expediency
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or if a tight-fitting post, especially a fibre post, is present. At this
circumstance, conventional retreatment needs to remove more
dentine to acquire a pathway into the original root canal, which
may cause root perforation or root fracture.

Periradicular surgery should be considered as an extension to
non-surgical treatment, because the underlying aetiology of the
disease process and the treatment objectives are the same: the
prevention or elimination of apical periodontitis (Hargreaves 2015).
Periradicular surgery, also called retrograde filling, always requires
root-end preparation and obturation (Figure 1 (D and E)). The
former aims to expose the apical root via flap elevation and bone
removal prior to cavity preparation on the apical root where the
apical foramina is located. Following that, materials are placed in
the cavity for apical sealing. Harty reported that the apical seal
was the single most important factor in achieving success in such
surgery (Harty 1970). This apical seal is established by retrograde
filling materials obturated between the root canal system and the
surrounding tissues (Gutmann 1991). Thus, subsequent studies
have evaluated many retrograde materials so as to determine
which is most efficacious.

Description of the intervention

Amalgam has been used as a retrograde filling material for many
years. Its earliest use as a root-end filling following resection has
been reported in 1884 (Vasudev 2003). It has the advantages of
being easily available, inexpensive and easy to handle. Therefore,
for many years, amalgam was accepted as the material of choice
for root-end filling, and the clinical application of amalgam was
well documented in several clinical studies with a reported success
rate of 50% to 80% (Dalal 1983; Finne 1977; Grung 1990; Hirsch
1979; Persson 1974; Rud 1972). However, in recent years, the
efficacy of amalgam has been questioned due to initial marginal
leakage, corrosion, moisture sensitivity, mercury contamination
of periapical tissue and the potential hazards associated with
mercury-containing materials (Eley 1993; Gartner 1992). The
disadvantages associated with amalgam and the potential long-
term damage to the environment has led to the research and
development of alternative materials.

In the past decades, amalgam has slowly given way to
zinc oxide eugenol (ZOE) containing materials, such as
intermediate restorative material (IRM), which has 20%, by weight,
polymethacrylate added to the base zinc oxide powder and super
ethoxybenzoic acid (Super-EBA), which contains ethoxybenzoic
acid. In vitro leakage studies, animal studies, and retrospective
in vivo studies indicate that these ZOE-containing materials are
superior to amalgam in terms of sealability and biocompatibility
(Dorn 1990; Kim 2006; King 1990). Shortcomings of the currently
available ZOE-containing cements are their mild to moderate
toxicity, when freshly mixed, and their radiopacity, which is similar
to that of gutta-percha (Johnson 1999).

In recent years a promising new root-end filling material, mineral
trioxide aggregate (MTA), developed at Loma Linda University,
California, USA (Torabinejad 1993) has received widespread
attention (Lee 1993). Its major components are similar to
Portland cement, a mixture of dicalcium silicate, tricalcium silicate,
tricalcium aluminate, gypsum, and tetracalcium aluminoferrite
(Camilleri 2005). Although it is an expensive material and requires
additional skill and equipment to use satisfactorily, the clinician
can handle it satisfactorily after suitable training (Wang 2010).

MTA has major advantages, including excellent biocompatibility
(Camilleri 2006), ideal adherence to cavity walls, low solubility
(Poggio 2007), and the ability of inducing cementogenesis at the
root surface, with deposition of new cementum onto the exposed
dentine and MTA surfaces (Baek 2005). MTA is an excellent bioactive
material. When it is placed in direct contact with human tissues,
it will form calcium hydroxide that releases calcium ions for cell
attachment and proliferation (Takita 2006); modulates cytokine
production (Koh 1998), and encourages proliferation and migration
of progenitors followed by their differentiation into odontoblast-
like cells (Kuratate 2008). However, the mean setting time of MTA is
165+ 5 minutes, which is longerthan amalgam, Super-EBA, and IRM
(Torabinejad 1995), which is potentially problematic in endodontic
surgery.

In addition to polymers, glass ionomer cements, polycarboxylate
cements, zinc phosphate cements, calcium phosphate cements
and composite resins have all been employed and several cases
reported (Hauman 2003). A new material, Biodentine, which is
reported to have reparative dentine synthesis properties (Laurent
2012), is awaiting clinical evaluation as a possible retrograde filling
material. All these materials have different characteristics and are
potential alternatives to traditional materials, although potential
harm should be carefully considered before widespread use is
considered.

How the intervention might work

Studies have proved that the main contributory factor in
endodontic failure is persistent microbial infection in the root
canal system and periapical region (Siqueira Jr 2003). Chemical
and mechanical preparation may not reach every corner of the
complex root canal system. Bacteria in isthmuses, ramifications,
irregularities and dentinal tubules may persist and some necrotic
tissue debris may also remain. Bacteria may gain access to the
periapical region if complete sealing is not achieved, leading to
pathological lesions (Lin 1991; Siqueira 2001).

To control microbial infection is always a high priority in
periradicular surgery. The surgery removes the pathogenic agents
and establishes an environment facilitating the regeneration of
damaged tissue first. Then the procedure usually involves root-end
exposure and resection, in addition to preparing a Class | cavity and
retrofilling with packing materials (Torabinejad 1995). Hence, these
materials can form a proper seal of the internal root canal contents
from the external periradicular tissues and therefore repair root
defects (Chong 2004).

Why it is important to do this review

Periapical surgery is the last resort to save a tooth in endodontics.
If it is not successful, the tooth might be lost. The use of proven
retrograde filling materials is critical for apical sealing, which is the
single most important factor in achieving success in periradicular
surgery. To maintain a perfect apical seal, an ideal endodontic
retrograde filling material is required to adhere to the tooth
structure, be insoluble in tissue fluids, be dimensionally stable,
non-resorbable, radiopaque, and exhibit biocompatibility, if not
bioactivity (Johnson 1999; Kratchman 2004). In order to find the
best, if notideal, retrogradefilling material, many clinical trials have
been conducted in an attempt to evaluate the efficacy and safety
of different materials. Secondly, the sample size of most clinical
trials is small and some of the results conflict with one another.

Materials for retrograde filling in root canal therapy (Review)
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Therefore, the purpose of our systematic review, through the use of
strict criteria to integrate small sample size trials, was to clarify the
clinical effect and safety of different materials for retrograde filling
in root canal therapy.

OBJECTIVES

To determine the effects of different materials used for retrograde
fillingin children and adults forwhom retrogradefilling is necessary
in order to save the tooth.

METHODS

Criteria for considering studies for this review
Types of studies

This review included randomised controlled trials (RCTs), including
cluster, split-mouth and cross-over RCTs.

Types of participants

We included participants for whom orthograde root canal filling
or retreatment was not possible and where periapical surgery was
used to save the tooth. There were no age or gender limitations.

Types of interventions

« Intervention group: retrograde obturation with any material.

« Control group: retrograde obturation with any materials other
than those used in the intervention group.

Types of outcome measures
Primary outcomes

Success rate: this was assessed by either clinical or radiological
methods, or a combination of the two. Minimum follow-up was 12
months.

« Clinical methods included the assessment of clinical symptoms
including pain, pain only on percussion or palpation,
tenderness, increased tooth mobility, sinus tract formation or
any other subjective discomfort. Any one of these was counted
as treatment failure.

« Radiological methods were used to detect periapical bone
regeneration on medical images. Lack of apical bone
regeneration compared to the baseline was counted as
treatment failure.

« The combination of clinical and radiological methods was used
to assess the success of retrograde fillings in this review, unless
specifically stated otherwise.

« All cases not assessed as treatment failure were considered as
successes.

Secondary outcomes

Adverse events.

Search methods for identification of studies
Electronic searches

Cochrane Oral Health's Information Specialist conducted
systematic searches in the following databases for randomised
controlled trials and controlled clinical trials without language or
publication status restrictions:

« Cochrane Oral Health's Trials Register (to 13th September 2016)
(Appendix 1);

« the Cochrane Central Register of Controlled Trials (CENTRAL;
2016, Issue 8) in the Cochrane Library (searched 13th September
2016) (Appendix 2);

« MEDLINE Ovid (1946 to 13th September 2016) (Appendix 3);

+ Embase Ovid (1980 to 13th September 2016) (Appendix 4);

o LILACS BIREME Virtual Health Library (Latin American and
Caribbean Health Science Information database; from 1982 to
13th September 2016) (Appendix 5);

« OpenSIGLE (1980 to 2005) (Appendix 6).

We also searched the following databases:

« Chinese BioMedical Literature Database (in Chinese, 1978 to
20th September 2016);

+ VIP (in Chinese, 1989 to 20th September 2016);

« China National Knowledge Infrastructure (in Chinese, 1994 to
20th September 2016).

Subject strategies were modelled on the search strategy designed
for MEDLINE Ovid. Where appropriate, they were combined with
subject strategy adaptations of the highly sensitive search strategy
designed by Cochrane for identifying randomised controlled trials
and controlled clinical trials as described in the Cochrane Handbook
for Systematic Reviews of Interventions Chapter 6 (Lefebvre 2011).

Searching other resources

Cochrane Oral Health's Information Specialist searched the
following trial registries for ongoing studies:

« US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (clinicaltrials.gov; searched 13th September
2016) (Appendix 7);

« World Health Organization International Clinical Trials Registry
Platform (apps.who.int/trialsearch; searched 13th September
2016) (Appendix 7).

We also searched Sciencepaper Online (in Chinese, to 20th
September 2016).

The following journals were handsearched:

« Chinese Journal of Stomatology (January 2001 to December
2010)

« Stomatology (January 2001 to December 2010)

« West China Journal of Stomatology (January 2001 to December
2010)

« Journal of Practical Stomatology (January 2001 to December
2010)

« Journal of Clinical Stomatology (January 2001 to December
2010)

o Journal of Comprehensive Stomatology (January 2001 to
December 2010)

« Journal of Modern Stomatology (January 2001 to December
2010)

« Chinese Journal of Conservative Dentistry (January 2001 to
December 2010)

« Journal of Maxillofacial Surgery (January 2001 to December
2010)

Materials for retrograde filling in root canal therapy (Review)
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« Shanghai Journal of Stomatology (January 2001 to December
2010)

o Chinese Journal of Dental Material and Devices (January 2001 to
December 2010)

« Beijing Journal of Stomatology (January 2001 to December 2010)

« Chinese Journal of Dental Prevention and Treatment (January
2001 to December 2010)

o Chinese Journal of Orthodontics (January 2001 to December
2010)

« Chinese Journal of Implantology (January 2001 to December
2010)

« Journal of International Stomatology (January 2001 to
December 2010)

o Chinese Journal of Prosthodontics (January 2001 to December
2010)

« China Journal of Oral and Maxillofacial Surgery (2003 to
December 2010)

o Chinese Journal of Geriatric Dentistry (2002 to December 2010).

The reference lists from the included studies were also searched.
We contacted the authors of eligible studies to see if there
was any additional published or unpublished studies. Related
manufacturers of different materials were contacted to identify if
there were any unpublished trials on the material.

We did not perform a separate search for adverse effects of
interventions used, we considered adverse effects described in
included studies only.

Data collection and analysis
Selection of studies

Three review authors (Xiangyu Ma (XM), Yan Wang (YW) and Trevor
M Johnson (TMJ)) reviewed independently and in duplicate the
titles and abstracts (if available) of the articles identified by the
search to locate articles that met the inclusion criteria. If eligibility
could not be assessed from the title and abstract, the full-text article
was obtained and further reviewed. Any disagreement was resolved
by discussion among the three review authors. Non-English and
non-Chinese papers were examined with the help of Cochrane Oral
Health (COH).

Data extraction and management

Two review authors (Chunjie Li (CL) and XM) independently
extracted the data from relevant articles with the help of a data

extraction form designed specifically for this review. These forms
had been piloted on several papers and modified as required before
use.

For each study, the following data were recorded.

+ Basicinformation: date of the study, year of publication, country
of origin.

o Study type: details of sequence generation,
concealment and blinding.

« Participants: inclusion and exclusion criteria, characteristics of
the participants, sample size calculation.

« Intervention: characteristics of the interventions (instruments
used, cavity form prepared, and material used).

o Outcome: outcome measures and detailed
information.

allocation

follow-up

Any disagreement was resolved by discussion. The study authors
were contacted for clarification if necessary.

Assessment of risk of bias in included studies

The risk of bias assessment was delivered by two review authors
(CL and XM), also independently and in duplicate, according to
the guidelines in the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011). Any disagreement was resolved by
discussion. Seven domains were considered for the risk of bias
assessment.

Random sequence generation (selection bias).

Allocation concealment (selection bias).

Blinding of participants and personnel (performance bias).
Blinding of outcome assessment (detection bias).
Incomplete outcome data (attrition bias).

Selective reporting (reporting bias).

Other bias which is not covered by the first six (including
confounding bias, baseline imbalance, co-intervention and
contamination).

No o h~wDhe

For each study included in the review, the risk of bias in every
domain was judged as either low, high or unclear, according to the
included studies or from correspondence with the author.

The summary assessment was also prepared according to the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011) and presented graphically.

Risk of bias Interpretation Within a study Across studies

Low risk of Plausible bias unlikely to seriously Low risk of bias for all key Most information is from studies at low risk of
bias alter the results domains bias

Unclear risk Plausible bias that raises some Unclear risk of bias forone  Most information is from studies at low or un-
of bias doubt about the results or more key domains clear risk of bias

High risk of Plausible bias that seriously weak- High risk of bias foroneor  The proportion of information from studies at
bias ens confidence in the results more key domains high risk of bias is sufficient to affect the inter-

pretation of results
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Measures of treatment effect

The success rate and adverse events were classified as
dichotomous data. For dichotomous outcomes, we expressed the
estimate of effect of an intervention as risk ratios (RRs) together
with 95% confidence intervals (Cls).

Unit of analysis issues

We treated individual participants as units of analysis where
possible, otherwise each tooth or root was considered the unit of
analysis (but this had to be clearly stated).

Dealing with missing data

For papers with missing data, we contacted the first and
corresponding authors in an attempt to retrieve such data. Failing
that, some special methods were used following guidance included
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011).

Assessment of heterogeneity

We used the Chi2 test to calculate statistical heterogeneity.
Statistical heterogeneity was classified into four categories
according to 12 which was used to describe the percentage of the
statistical variability in effect estimates. P < 0.1 indicated statistical
heterogeneity:

« 0% to 40% implied slight heterogeneity

+ 30% to 60% moderate heterogeneity

« 50% to 90% substantial heterogeneity

« 75% to 100% considerable heterogeneity.

Assessment of reporting biases

Publication and other reporting biases were planned to be assessed
with the help of a funnel plot. If the funnel plot appeared
asymmetric, bias was further planned to be investigated via Begg's
test (Begg 1994).

Data synthesis

A meta-analysis was only performed if there were studies of
similar comparisons reporting the same outcomes and there was
not considerable heterogeneity (12 > 75%). A fixed-effect model
was considered if the number of studies was smaller than four.
Otherwise, a random-effects model was used.

Subgroup analysis and investigation of heterogeneity

If clinical or methodological heterogeneity existed, subgroup
analysis was performed. Such analysis would have been based
on the different materials used, and short-term and long-term
observations.

If unexplained heterogeneity existed, metaregression would have
been adopted to investigate it.

Sensitivity analysis

Sensitivity analyses were planned to be performed on the basis of
risk of bias by excluding studies from the analysis which exhibited
high and unclear risk of bias.

Presentation of main results

For each comparison, we created a 'Summary of findings' table,
which reflected the quality assessment of the body of evidence
for each outcome under each comparison. The quality of evidence
included assessment of risk of bias at study level, directness of the
evidence, heterogeneity, precision of effect estimates and risk of
publication bias.

We adopted the GRADE system for evaluating the quality of
evidence with the help of GRADEpro GDT software (GRADEpro GDT).
The quality of a body of evidence was classified into four categories:
high, moderate, low and very low (Atkins 2004).

RESULTS

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies tables.

Results of the search

Initial searches from all sources identified 759 articles (including
625 in English, 106 in Chinese, 19 in Portuguese, 8 in Spanish and
1 in German). After scanning the titles and abstracts, 20 articles
were considered to be possibly eligible. The full-texts of these
reports were obtained, and six studies (seven articles) were finally
considered for inclusion in this systematic review. The remaining
thirteen studies were excluded.

The process of study selection is presented in Figure 2.
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Figure 2. Study flow diagram.
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r
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Included studies

This review included six randomised controlled trials (RCTs) (Chong
2003; Jensen 2002; Jesslen 1995; Lindeboom 2005; Song 2012;
Walivaara 2011), which were published between 1995 and 2012. The

739 records
discarded

13 full-text articles excluded

& Cohart study: 1

= Retrospective study: 3

& Quasi-RCT: 1

& Inadequate study design:
2

« No material used in
control group: 1

@ Insufficient follow-up
period: 1

a Unclear study design and
author contact failed: 4

details of the included studies are listed in the Characteristics of
included studies tables.
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Characteristics of the trial designs and settings

All included studies used a parallel design (Chong 2003; Jensen
2002; Jesslen 1995; Lindeboom 2005; Song 2012; Walivaara 2011).
Five studies were conducted in Europe and one in Asia. They are
listed as follows:

« Europe
« United Kingdom (Chong 2003)
« Denmark (Jensen 2002)
« Sweden (Jesslen 1995; Walivaara 2011)
« the Netherlands (Lindeboom 2005)
o Asia
« South Korea (Song 2012).

Two studies performed sample size calculation (Chong 2003; Song
2012). Chong 2003 did not mention the method of sample size
calculation, Song 2012 calculated the sample size according to the
method described by Walters (Walters 2004). The remaining four
studies did not mention sample size calculation at all (Jensen 2002;
Jesslen 1995; Lindeboom 2005; Walivaara 2011).

Four studies did not state their funding sources (Jensen 2002;
Jesslen 1995; Lindeboom 2005; Walivaara 2011) and the remaining
two studies stated that they received non-industry funding (Chong
2003; Song 2012).

Characteristics of the participants

This review involved 916 participants and 988 teeth. A total of 166
participants were lost during the follow-up.
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Chong 2003 Teeth had clear No serious periodontitis or api-  Root canal treatment Unclear Unclear lyearand2years <10%
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and required retro-
Jensen 2002 grade filling Unclear Mean age of 48/86 1year <10%
49 years

Jesslen 1995 Unclear Unclear Unclear Unclear lyearand 5years 10% to 20%

Lindeboom 2005 No serious periodontitis orapi-  Root canal treatment 17to64years  33/57 1year 0%

comarginal communication before

Song 2012 Unclear Unclear Unclear 1year 20%

Walivaara 2011 Unclear Unclear 65/99 1year <10%
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Characteristics of the interventions

The interventions used in the included studies were:

« mineral trioxide aggregate (MTA);

« intermediate restorative material (IRM);
« super ethoxybenzoid acid (Super-EBA);
« dentine-bonded resin composite;

« glassionomer cement;

« amalgam.

These interventions were all used singly. We evaluated the
following comparisons:

o MTAversus IRM (Chong 2003; Lindeboom 2005);
« MTA versus Super-EBA (Song 2012);
« Super-EBA versus IRM (Walivaara 2011);

« dentine-bonded resin composite versus glass ionomer cement
(Jensen 2002);

« glassionomer cement versus amalgam (Jesslen 1995).

The preparation of the root tip differed between studies. The
two earliest studies (Jesslen 1995; Jensen 2002) prepared the
root tip with cone or diamond burs. The other studies (Chong
2003; Lindeboom 2005; Song 2012; Walivaara 2011) used ultrasonic
apical preparation. Two studies (Song 2012; Walivaara 2011) used
maghnification equipment. The lengths of apical root resection were
2 to 3 mm (Jensen 2002; Song 2012), 3 mm (Lindeboom 2005), and
3to4 mm (Walivaara 2011).

Characteristics of the outcomes

The primary outcome in our review was success rate which was
assessed via clinical or radiological methods or a combination of
the two. It was defined as no pain, pain on percussion or palpation,
tenderness, increased tooth mobility, sinus tract formation or any
other subjective discomfort; and no presence of apical absorption
or no bony change compared to the baseline indicated treatment
failure.

Allincluded studies followed the definition of success rate using the
specified criteria provided by Molven 1987 and Rud 1972 (Chong
2003; Jensen 2002; Lindeboom 2005; Song 2012; Walivaara 2011) or

Zetterqvist 1991 (Jesslen 1995). Via these criteria, treatment results
were classified into four types:

« complete healing;

« incomplete or scar healing (improvement);
« uncertain healing (no improvement);

« unsatisfactory healing.

As described in these specified criteria, the rate of complete
healing, incomplete or scar healing (improvement) were all
considered as meeting the definition of success rate used in
our review; the other two (uncertain healing (no improvement),
unsatisfactory healing) were considered to be failures.

All included studies reported the success rate assessed via the
combination of clinical and radiological methods. And only Jensen
2002 reported the success rate solely assessed by radiological
methods.

None of the included studies reported any information on adverse
events, this review's secondary outcome.

Excluded studies

We have listed all the studies that were excluded and the reasons
for their exclusion in the Characteristics of excluded studies tables.

We excluded three studies (Pantchev 2009; Rud 1991; Schwartz-
Arad 2003) because they were retrospective. We excluded von Arx
2012 because it was a cohort study; Walivaara 2009 was excluded
because it was a quasi-RCT. For Christiansen 2009, the control
group did not have retrograde obturation with any material. For
Hou 2008, no radiological outcome was recorded. And for Platt
2004, the methods used to prepare the cavity differed in both
randomised groups. One study (Silva 2016) was excluded because
the following-up period was too short (only 6 months). We excluded
four studies (Burstein 2001; Nordenram 1970; Pantschev 1994; Rud
1996) because the authors did not mention randomisation. We have
tried to contact the study authors, but no response was obtained.

Risk of bias in included studies

All six studies were assessed as being at high overall risk of bias
(Figure 3; Figure 4). A detailed explanation is presented in the
Characteristics of included studies table.

Materials for retrograde filling in root canal therapy (Review)

17

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



c Coch rane Trusted evidence.
= . Informed decisions.
1 Libra ry Better health. Cochrane Database of Systematic Reviews

Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 4. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Five out of the six studies reported adequate methods of
randomisation and were graded as at low risk of bias in this domain,
the other was graded as at unclear risk of bias; both Chong 2003
and Lindeboom 2005 used sealed envelopes randomly picked from
a pack; Song 2012 used a "minimization method" described by
Pocock (Pocock 1983); Walivaara 2011 allocated according to a

randomisation table; and Jensen 2002 used a computer-generated
random table; only Jesslen 1995 did not report a clear method.

Allocation concealment

Two studies (Chong 2003; Lindeboom 2005) used sealed envelopes,
so that the allocation was adequately concealed, and were judged
to be at low risk of bias for this domain. Three studies had unclear
allocation concealment and were therefore graded as at unclear
risk (Jensen 2002; Jesslen 1995; Song 2012). One study was judged
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at high risk of bias (Walivaara 2011), the study author confirming
that the allocation process was not concealed via correspondence.

Blinding
Blinding of participants and personnel (performance bias)

It was not possible to blind the surgeons, so all the included
studies were ranked as at high risk in terms of performance bias. In
Jensen 2002; Lindeboom 2005; Song 2012; Walivaara 2011 surgeons
were not blinded according to authors' correspondence. The other
studies (Chong 2003; Jesslen 1995) did not mention the blinding of
participants and personnel so they were ranked as at high risk of
performance bias.

Blinding of outcome assessment (detection bias)

Three studies had low risk of detection bias (Chong 2003;
Lindeboom 2005; Song 2012) as they clearly reported the blinding
of the outcome assessors. Two studies had unclear risk (Jesslen
1995; Walivaara 2011) and one had high risk (Jensen 2002) as the
authorreplied that the assessors were not blinded to the treatment.

Although some studies reported the blinding of outcome
assessment, different materials may be identifiable via radiological
assessment and this might influence the risk of bias.

Incomplete outcome data

In Chong 2003; Jesslen 1995 and Song 2012, too many participants
were lost during follow-up and the study authors did not do an
intention-to-treat (ITT) analysis.

Selective reporting

Selective data reporting was not detected in the studies included in
the review as they all fully reported the outcomes they stated in the
methods section.

Other potential sources of bias

In Chong 2003 and Jesslen 1995, the issue of whether baseline
demographic characteristics were comparable was not clearly
reported and therefore we classified them as at unclear risk of other
bias. For the other four studies, there was no other potential source
of bias detected.

Effects of interventions

See: Summary of findings for the main comparison MTA versus
IRM for retrograde filling in root canal therapy; Summary of
findings 2 MTA versus Super-EBA for retrograde filling in root
canal therapy; Summary of findings 3 Super-EBA versus IRM for
retrograde filling in root canal therapy; Summary of findings 4
Dentine-bonded resin composite versus glass ionomer cement for
retrograde filling in root canal therapy; Summary of findings 5
Glass ionomer cement versus amalgam for retrograde filling in root
canal therapy

Generally, each participant was considered as the unit of analysis in
this review, or if that was not possible, each tooth. But for success
rate evaluated solely by radiological methods, the root could be
considered as the unit of analysis if clearly stated.

Comparison 1: MTA versus IRM

Both Chong 2003 and Lindeboom 2005 compared mineral trioxide
aggregate (MTA) versus intermediate restorative material (IRM).
There was no significant clinical heterogeneity, and we pooled their
data.

Success rate

Both studies reported this outcome. Chong 2003 described this in
one- and two-year follow-ups and Lindeboom 2005 reported only
the one-year follow-up outcome.

One-year outcome

Data from the two studies at high risk of bias with 222 participants
were pooled, with 114 teeth in the MTA group and 108 teeth in the
IRM group. There is weak evidence of little or no difference between
MTA and IRM at the first year of follow-up (risk ratio (RR) 1.09; 95%
confidence interval (CI) 0.97 to 1.22) (Analysis 1.1).

Two-year outcome

At the second-year follow-up appointment, there was insufficient
evidence of a difference between MTA and IRM on the success rate
of retrograde filling (RR 1.06; 95% Cl 0.89 to 1.25), with 47 patients
(with 47 teeth) in the MTA group and 39 patients (39 teeth) in the
IRM group (Analysis 1.2).

Adverse events

Adverse events were not reported.

Comparison 2: MTA versus Super-EBA

Only Song 2012 compared MTA with super ethoxybenzoid acid
(Super-EBA).

Success rate

One-year outcome

After one year, 192 participants (192 teeth) were followed up (90 in
the MTA group and 102 in the Super-EBA group). In the MTA group,
86 participants (86 teeth) were successfully treated while the Super-
EBA group had 95 participants (95 teeth). There was insufficient
evidence of adifference in success rate between MTA usage and that
of super-EBAin retrogradefilling at the one-year follow-up (RR 1.03;
95% Cl1 0.96 to 1.10) (Analysis 2.1).

Adverse events

Adverse events were not reported.

Comparison 3: Super-EBA versus IRM

Only Walivaara 2011 compared Super-EBA with IRM.

Success rate
One-year outcome

At the one-year follow-up, 194 teeth were considered (98 in the
Super-EBA group and 96 in the IRM group). Following analysis, there
was weak evidence of asmallincrease in success rate due to the use
of IRM for retrograde filling compared to Super-EBA (RR 0.90; 95%
C10.80 to 1.01) (Analysis 3.1).
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Adverse events

Adverse events were not reported.

Comparison 4: dentine-bonded resin composite versus glass
ionomer cement

Only Jensen 2002 compared dentine-bonded resin composite with
glass ionomer cement.

Success rate
One-year outcome

In this comparison, participants were considered as the analysis
unit. Both per-protocol (PP) and intention-to-treat (ITT) analyses
('worst-case scenario' analysis: all lost to follow-up participants
in the intervention group were considered as failed cases) were
adopted.

Within the dentine-bonded resin composite group (60 participants
(60 teeth)), 44 participants (44 teeth) were successfully healed.
In the glass ionomer cement group (62 participants (62 teeth))
only 19 participants (19 teeth) were considered as a clinical and
radiological success. The result provided only insufficient and weak
evidence that dentine-bonded resin composite is superior to glass
ionomer cement (RR 2.39; 95% Cl 1.60 to 3.59) (Analysis 4.1). The
quality of the body of evidence was very low.

The result of the ITT analysis also supported the results of the
PP analysis (RR 1.83; 95% Cl 1.27 to 2.64) (Analysis 4.2) with 67
participants (67 teeth) in both groups.

We also collected data using the root of the teeth as the unit
of analysis. However, instead of using combined methods for
evaluation, only the radiological method was adopted in this case.
As there was a clear description of the participants who were lost to
follow-up, both PP and ITT analyses ('worst-case scenario' analysis)
were performed. Insufficient and weak evidence indicated that
dentine-bonded resin composite had a greater effect than glass
ionomer cement on success rate (RR 1.59; 95% Cl 1.20 to 2.09)
with 73 roots in the dentine-bonded resin composite group and 54
roots in the glass ionomer cement group (Analysis 4.3). ITT analysis
('worst-case scenario' analysis) was adopted in this section, which
supported the results of the PP analysis (RR 2.31; 95% Cl 1.62 to
3.29) with 89 roots in each group (Analysis 4.4).

Adverse events

Adverse events were not reported.

Comparison 5: glass ionomer cement versus amalgam

Only Jesslen 1995 compared glass ionomer cement with amalgam.

Success rate
One-year outcome

After the first year, 105 teeth were followed up (53 in the glass
ionomer cement group and 52 in the amalgam group). Each group
had 47 teeth which had complete or partial healing and were
therefore considered as a treatment success. There was insufficient
evidence of a difference between the treatments on success rate at
one-year follow-up (RR 0.98; 95% Cl 0.86 to 1.12) (Analysis 5.1).

Five-year outcome

In the fifth follow-up year, 82 teeth were included (41 in the glass
ionomer group and 41 in the amalgam group). There were 35
teeth in each group with complete or partial healing. There was
insufficient evidence of a difference between glassionomer cement
and amalgam on success rate (RR 1.00; 95% C1 0.84 to 1.20) (Analysis
5.2).

Adverse events

Adverse events were not reported.
DISCUSSION

Summary of main results

This review aimed at comparing the outcomes of different
retrograde filling materials. Only six studies (Chong 2003; Jensen
2002; Jesslen 1995; Lindeboom 2005; Song 2012; Wélivaara 2011)
with five comparisons of retrograde filling materials were finally
considered to be eligible for this systematic review. The quality
of the body of evidence was assessed using GRADE (Atkins 2004).
We present five 'Summary of findings' tables where we were
able to perform quantitative analysis. They are mineral trioxide
aggregate (MTA) versus intermediate restorative material (IRM)
(Summary of findings for the main comparison), MTA versus super
ethoxybenzoid acid (Super-EBA) (Summary of findings 2), Super-
EBA versus IRM (Summary of findings 3), dentine-bonded resin
composite versus glass ionomer cement (Summary of findings 4)
and glass ionomer cement versus amalgam (Summary of findings
5).

There was little pooled data and very little evidence for each
comparison. There is weak evidence of little or no difference
between MTA and IRM at the first year follow-up (risk ratio (RR) 1.09;
95% confidence interval (Cl) 0.97 to 1.22; 222 teeth; two studies at
high risk of bias; quality of the body of evidence: low). The long
setting time (165 + 5 minutes) is potentially a problem in this type
of surgery. Many investigations have been performed to overcome
it, such as using a chelating agent or sodium phosphate dibasic
(NayHPOy) setting accelerator (Ber 2007; Huang 2008). Some new
and potentially promising materials have been available for root-
end filling, such as Bioceramics (Damas 2011) and Biodentine
(Soundappan 2014), but more clinical studies are needed to testify
their properties.

All the other outcomes were based on single studies. There was
insufficient evidence, from these single studies (mostly with small
sample sizes), to determine differences between the following
groups.

o MTA versus Super-EBA after one-year follow-up (quality of the
body of evidence: very low).

« Super-EBA versus IRM after one-year follow-up (quality of the
body of evidence: very low).

» Dentine-bonded resin composite versus glass ionomer cement
after one-year follow-up (quality of the body of evidence: very
low).

« Glassionomer cement versus amalgam after one-year follow-up
(quality of the body of evidence: very low).

« Glassionomer cement versus amalgam after five-year follow-up
(quality of the body of evidence: very low).
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None of the included studies reported adverse events.

Overall completeness and applicability of evidence

One of the studies included in the review was conducted in the
UK (Chong 2003), one in Denmark (Jensen 2002), two in Sweden
(Jesslen 1995; Wélivaara 2011), one in South Korea (Song 2012)
and one in the Netherlands (Lindeboom 2005). 916 participants
with 988 teeth were randomised. The participants were of different
gender and age (the youngest reported was 17 (Lindeboom 2005)
and the oldest was 64 (Lindeboom 2005)). The studies included
different types of teeth. The applicability of the results could be
adopted to different demographics of patients and different types
of teeth.

All the studies followed a rigid surgical procedure. The procedures
were of little difference except for some detail in the root resection
and form of cavity. The lengths of apical root resection were 2 to 3
mm (Jensen 2002; Song 2012), 3 mm (Lindeboom 2005), and 3 to
4 mm (Walivaara 2011). There was no complete agreement on how
much of the root should be resected to satisfy biological principles.
Gilheany 1994 suggested that at least 2 mm be removed to minimize
bacterial leakage from the canals. An anatomical study of the root
apex showed that at least 3 mm of the root-end must be removed to
reduce 98% of apical ramifications and 93% of lateral canals (Kim
2001). Besides the length of resection, the choice of root-end bevel
angle was still in question. Traditionally, the bevel angle which
provides best access and visibility was used. But the bevel may
open up many channels of communication between the infected
canal system and surrounding tissue, allowing the intradental
infection to create persistent inflammation. Recent studies indicate
that a right angle to the long axis of the root is preferable. In the
studies included in this review, only one adopted such aright angle
(Chong 2003). In the other five studies, a slightly oblique resection
of the root was performed. Jensen 2002 resected at a mean angle
of 35 degrees, Lindeboom 2005 10 to 25 degrees and Song 2012 had
a bevel angle of 0 to 10 degrees.

Recently the use of a microscope has become popular (Christiansen
2009). In the studies within this review, Song 2012 used a
microscope and in two studies (Lindeboom 2005; Wélivaara 2011)
the dental surgeon used magnification loupes to acquire a better
visual field. Following root resection, cavities were prepared in
two ways: four studies used ultrasonic equipment while two used
a traditional bur. Jensen 2002 prepared slightly concave cavities,
and Jesslen 1995 prepared box-type cavities. The depth of the
cavity was 2 to 3 mm in Lindeboom 2005, 3 mm in Song 2012 and
Waélivaara 2011. The condition of the root-end varied. The modern
concept of an ideal root-end preparation is defined as a Class |
cavity at least 3 mm into the root dentine, with walls parallel to
and coincident with the anatomic outline of the root canal space,
which would achieve the aim of removing the intracanal filling
material and associated irritants so as to create a cavity that could
be properly filled. From this description, we could consider that the
results of the systematic review may not be seriously influenced by
heterogeneity of performance of the surgery.

Quality of the evidence

The body of evidence that we identified does not allow for any
robust conclusions about which retrograde filling material is best.
Six studies, which analysed a total of 916 participants (988 teeth),
were included. All the studies had a high risk of bias. All of the

eight pieces of evidence produced from the studies were of low
quality according to GRADE (Petrisor 2006). When such risk of
bias issues were considered alongside the fact that the studies
in each comparison/outcome were either single small studies
(leading to serious imprecision) or had 95% confidence intervals
that prevented the intervention being favoured over the control,
the evidence was rated low to very low quality. These GRADE ratings
can be interpreted as indicating that there is a lack of confidence in
the effect estimates and further research is highly likely to change
the estimates, and our confidence in them.

Potential biases in the review process

To discover as many relevant studies as possible, articles were
identified irrespective of publication language, status and date
through electronic searches and handsearching. The reference lists
from each identified article, reviews and related textbooks were
also searched. However, we still failed to acquire the data from
a potentially relevant study, entitled '18-month clinical trial of
endodontic surgical retrofilling materials' which was presented at
the American Association of Endodontists' 58th Annual Session.
We have tried all means to contact the author and the American
Association of Endodontists, but no reply was received. Another
four potentially eligible studies (Burstein 2001; Nordenram 1970;
Pantschev 1994; Rud 1996) were excluded because their study type
could not be determined from the reports and the authors failed to
reply to our contact.

Agreements and disagreements with other studies or
reviews

A newly published systematic review (Tang 2010) compared
the clinical outcomes of MTA used as root-end filling with
other materials in endodontic surgery. They searched studies
conducted on human teeth in vivo, regardless of whether they were
prospective studies. Five studies, two that compared MTA with IRM,
one that compared MTA with gutta-percha and two that compared
MTA with amalgam, were selected. The analysis suggested that MTA
as aroot-end filling is better than amalgam but similar to IRM, which
were similar to the results indicated in our review. However, the
authors of Tang 2010 had included some studies which seemed
non-existent (we have tried to retrieve the studies they included
and discovered at least two studies to which they referred did not
actually exist in the corresponding issues of those journals, and no
studies with similar titles could be found).

Richard Niederman and his colleagues have carried out two
systematic reviews focused on retrograde filling materials. The
first one (Niederman 2003) was conducted to identify randomised
controlled trials (RCTs) and controlled clinical trials (CCTs), cohort
studies and case-control studies, which were conducted on
humans, in vivo. The languages were limited to English, German
and French. Only two RCTs (Jesslen 1995; Zetterqvist 1991), which
were also analysed in our review, were included in this study.
They concluded that glass ionomer cement is almost as effective
as amalgam. Furthermore, the other six CCTs and six case-control
studies selected in Niederman's review indicated that EBA cement,
composite with Gluma and gold leaf, as well as orthograde gutta-
percha, may be more effective than retrograde amalgam filling. The
second review (Theodosopoulou 2005) tested the characteristics of
retrograde filling materials in vitro. Thirty-four studies met all their
inclusion and validity criteria. The results indicate that, beyond
10 days in vitro, the most effective retrofilling materials, when
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measured by dye/ink penetration are: composites, followed by
glass ionomer cement, amalgam, orthograde gutta-percha, and
EBA. The results of these in vitro studies are not congruent with
in vivo study results, suggesting a need to re-evaluate the clinical
validity and importance of in vitro studies.

AUTHORS' CONCLUSIONS

Implications for practice

Based on the present limited evidence, we do not have sufficient
evidence to determine the benefits of any one material over
another.

Implications for research

The present results call for further research. We hope future studies
could address and answer the following issues.

« Participants: studies with a large number of participants from
different races.

« Intervention and comparison: trials focusing on the materials
considered in this systematic review are still needed, and trials
using new materials are also required. Many investigations have
tried to use a chelating agent or accelerator to overcome the
main drawback of mineral trioxide aggregate (MTA), its long
setting time, which is also worth more research.

« Follow-up: increasing the follow-up period to observe the long-
term effects and safety.

« To improve the quality of future evidence, we recommend
blinding the outcome assessors. Most studies only have

the participants and the statistical assessor blinded. But
Christiansen 2009 figured out an easy method to blind the
radiograph observers. They exported radiographs from the
Digora system in TIFF format to Adobe Photoshop format,
masking the apical root filling with grey patches. Future studies
could make use of this methodology.
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Chong 2003 (Continued)

Sample size calculation: yes
Follow-up period: 12 and 24 months

Loss to follow-up: 61 patients with 61 teeth were lost at 12 months, and 75 patients with 75 teeth were
lost at 24 months

Intention-to-treat analysis: not reported

Funding: DHSC London. Research & Development, Responsive Funding Programme

Participants

Country: UK
Centres: 1

Inclusion criteria: tooth with apical periodontitis, diagnosed radiologically; the tooth could not be ad-
equately and better managed by root canal retreatment; the tooth had an adequate root canal filling;
the crown of the tooth was adequately restored; and periodontal probing depths were <4 mm except

Cochrane Database of Systematic Reviews

for an unilocular sinus tract

Exclusion criteria: participants who failed to satisfy the entry requirements

Total recruited: number of participants: 183; number of teeth: 183; age range: unclear; mean age: un-
clear; gender (male/female): unclear

Intervention group: number of participants: unclear; number of teeth: unclear; age range: unclear;
mean age: unclear; gender (male/female): unclear

Control group: number of participants: unclear; number of teeth: unclear; age range: unclear; mean
age: unclear; gender (male/female): unclear

(Note: the number of participants in each group at baseline was not reported in the article. And the
numbers of participants in each group at 12-month and 24-month follow-ups were recorded as follow-

ing

Intervention group: number of participants at 12-month follow-up: 64; number of teeth at 12-month
follow-up: 64; number of participants at 24-month follow-up: 47; number of teeth at 24-month fol-
low-up: 47

Control group: number of participants at 12-month follow-up: 58; number of teeth at 12-month fol-
low-up: 58; number of participants at 24-month follow-up: 39; number of teeth at 24-month follow-up:
39)

Interventions

Materials

Intervention group: mineral trioxide aggregate (MTA)
Control group: intermediate restorative material (IRM)

Preparation of the cavity: ultrasonically using CT tips

Outcomes Success rate: assessed by Guidelines of the European Society of Endodontology (1994) and Molven
1987 which required an assessment with the combination of clinical and radiological methods
Adverse events: not reported

Notes Study author contact failed

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The randomisation process was carried out on the day of the surgery;

one of the two research team members performing the surgery picked a sealed
envelope from a pack to reveal which material to use"
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Chong 2003 (Continued)

Comment: low risk

Allocation concealment
(selection bias)

Low risk Quote: "The randomisation process was carried out on the day of the surgery;
one of the two research team members performing the surgery picked a sealed
envelope from a pack to reveal which material to use"

Comment: low risk

Blinding of participants High risk Comment: high risk. It is not possible to blind the personnel

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "The observers were unaware of the group from which the radiographs
sessment (detection bias) were taken"

All outcomes

Comment: low risk. None of the outcomes were patient-reported outcomes, so
once the observers were blinded to the treatment, there would be no assess-
ment bias

Incomplete outcome data
(attrition bias)
All outcomes

High risk Comment: high risk. Follow-up was not reported clearly. The study authors did
not report the number of participants in each group at baseline. Also, the num-
ber of participants lost to follow-up in the 1st year and 2nd year follow-ups is
too high (61 (33%) participants lost to follow-up in the 1st year and another 36
participants with 97 in total (53%) lost to follow-up in the 2nd year, with the to-
tal number of participants at baseline reported as 183)

Selective reporting (re- Low risk Comment: low risk. The outcomes were reported as planned
porting bias)
Other bias Unclear risk Comment: unclear risk. The baseline numbers of each group were not clearly

reported, and the numbers of lost to follow-up were unclear

Jensen 2002

Methods

Study type: RCT

Sample size calculation: unclear

Follow-up period: 12 months

Loss to follow-up: 12 teeth of 12 participants
Intention-to-treat analysis: not reported

Funding: unclear

Participants

Country: Denmark
Centres: 1
Inclusion criteria: unclear

Exclusion criteria: teeth previously subjected to periapical surgery and teeth with apicomarginal com-
munication

Total recruited: number of participants: 134; number of teeth: 134; number of roots: 178; age range: un-
clear; mean age: 49; gender (male/female): 48/86
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Jensen 2002 (Continued)

« Intervention group: number of participants: 67; number of teeth: 67; number of roots: 89; age range:
unclear; mean age: 48; gender (male/female): 45/22

« Control group: number of participants: 67; number of teeth: 67; number of roots: 89; age range: un-
clear; mean age: 50; gender (male/female): 41/26

Interventions Materials

« Intervention group: dentine-bonded resin composite (Retroplast, RP)
« Control group: glass ionomer cement (Chelon-Silver, CS)

Preparation of the cavity: with a ball-shaped diamond bur

Outcomes Success rate: assessed with criteria from Zuolo 2000 which required an assessment with the combina-
tion of clinical and radiological methods. And the study authors also assessed the success rate of each
root with the Rud 1972 criteria which only required radiological assessment

Adverse events: not reported

Notes The study author was contacted and details about randomisation, blinding and allocation conceal-
ment were confirmed

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote (author's reply): "A randomisation scheme was created using the SAS
tion (selection bias) system"

Comment: low risk
Allocation concealment Unclear risk Quote (author's reply): "The surgeon knew at the beginning of the surgery,
(selection bias) which materials that would be used for that specific operation"

Comment: unclear risk
Blinding of participants High risk Quote (author's reply): "It was not possible to blind the operator and the clin-
and personnel (perfor- ician since the materials looked differently clinically and radiographically.
mance bias) However, the patients and the statistical assessor were blinded"

All outcomes
Comment: high risk

Blinding of outcome as- High risk Quote (author's reply): "It was not possible to blind the operator and the clin-
sessment (detection bias) ician since the materials looked differently clinically and radiographically.
All outcomes However, the patients and the statistical assessor were blinded"

Comment: high risk. None of the outcomes were patient-reported outcomes,
so once the observers were not blinded to the treatment, there would be a risk
of assessment bias

Incomplete outcome data  Low risk Comment: low risk. 12 participants lost to follow-up. The lost to follow-up rate
(attrition bias) <10%

All outcomes

Selective reporting (re- Low risk Comment: low risk. The outcomes were reported as planned

porting bias)

Other bias Low risk Comment: low risk
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Jesslen 1995

Methods

Study type: RCT

Sample size calculation: unclear

Follow-up period: 12 and 60 months

Loss to follow-up: 18 participants with 23 teeth were lost at 60-month follow-up
Intention-to-treat analysis: not reported

Funding: unclear

Participants

Country: Sweden
Centres: 1

Inclusion criteria: teeth indicated for periapical surgery (i.e. teeth with periapical lesions not accessible
to conventional endodontic treatment)

Exclusion criteria: participants who failed to satisfy the entry requirements

Total recruited: number of participants: 85; number of teeth: 105; age range: unclear; mean age: un-
clear; gender (male/female): unclear. (The numbers in this item only indicate the numbers in 12-month
follow-up, the exact number of participants/teeth in each group was unclear)

« Intervention group: number of participants: unclear; number of teeth: 52; age range: unclear; mean
age: unclear; gender (male/female): unclear

« Control group: number of participants: unclear; number of teeth: 53; age range: unclear; mean age:
unclear; gender (male/female): unclear

Interventions

Materials

« Intervention group: amalgam (AM)
« Control group: glass ionomer cement (GC)

Preparation of the cavity: with a number 33.5 inverted cone bur

Outcomes Success rate: with criteria from Zetterqvist 1991 which required an assessment with the combination of
clinical and radiological methods
Adverse events: not reported
Notes Study author contact failed
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "Each tooth was then filled with either AM (Amalcap non-gama-2; Vi-
tion (selection bias) vadent, Schaan, Liechtenstein) or GC (Chem-Fil, De Trey, Zurich, Switzerland)
in a randomised fashion"
Comment: unclear risk
Allocation concealment Unclear risk Comment: unclear risk
(selection bias)
Blinding of participants High risk Comment: high risk. It was not possible to blind the personnel
and personnel (perfor-
mance bias)
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Jesslen 1995 (continued)
All outcomes

Blinding of outcome as- Unclear risk Comment: unclear risk
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Comment: unclear risk. 18 of 85 participants lost to follow-up at 60 months;
(attrition bias) the lost to follow-up ratio was between 10% and 20% and we decided to rate
All outcomes this domain as at unclear risk of attrition bias

Selective reporting (re- Low risk Comment: low risk. The outcomes were reported as planned

porting bias)

Other bias Unclear risk Comment: unclear risk. The study authors did not clearly report the demo-
graphic characteristics of the participants in each group and they did not men-
tion whether the two groups were comparable

Lindeboom 2005

Methods Study type: RCT
Sample size calculation: unclear
Follow-up period: 12 months
Loss to follow-up: none
Intention-to-treat analysis: yes

Funding: unclear

Participants Country: the Netherlands
Centres: 1

Inclusion criteria: teeth with a dental history of a root canal treatment and demonstrated a periradic-
ular lesion of strictly endodontic origin with or without clinical signs or symptoms. Only single-rooted
teeth were included in this study

Exclusion criteria: teeth with perforations of the lateral canal walls, periodontal attachment loss (pock-
et depth <5 mm), teeth with vertical fractures, and teeth exhibiting radiographic lesions exceeding 1
cm

Total recruited: number of participants: 90; number of teeth: 100; age range: 17-64; mean age: 43.4;
gender (male/female): 33/57

« Intervention group: number of participants: unclear; number of teeth: 50; age range: unclear; mean
age: unclear; gender (male/female): unclear

« Control group: number of participants: unclear; number of teeth: 50; age range: unclear; mean age:
unclear; gender (male/female): unclear

Interventions Materials

« Intervention group: mineral trioxide aggregate (MTA)
« Control group: intermediate restorative material (IRM)

Preparation of the cavity: ultrasonic apical preparation
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Lindeboom 2005 (continued)

Outcomes Success rate: using combined criteria (Molven 1987; Rud 1972) which required an assessment with the
combination of clinical and radiological methods
Adverse events: not reported
Notes The study author was contacted and details about blinding, follow-up and baseline status were provid-
ed
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Quote: "Randomization was carried out by a nurse who picked a sealed enve-
tion (selection bias) lope and opened it at the time of placement of the retrograde filling. On a label
the filling material was written"
Comment: low risk
Allocation concealment Low risk Quote: "Randomization was carried out by a nurse who picked a sealed enve-
(selection bias) lope and opened it at the time of placement of the retrograde filling. On a label
the filling material was written"
Comment: low risk
Blinding of participants High risk Quote (author's reply): "The patients, assessors and statisticians were blinded
and personnel (perfor- for the materials, surgeons were not blinded for the filling material (since obvi-
mance bias) ously there is a clinical difference between the materials)"
All outcomes
Comment: high risk
Blinding of outcome as- Low risk Quote (author's reply): "The patients, assessors and statisticians were blinded
sessment (detection bias) for the materials, surgeons were not blinded for the filling material (since obvi-
All outcomes ously there is a clinical difference between the materials)"
Comment: low risk
Incomplete outcome data  Low risk Quote (author's reply): "None of the patients were lost for follow-up, although
(attrition bias) this required an extra effort from the researchers since phone-call or home vis-
All outcomes its had to be made in order to get the patient info/x-ray"
Comment: low risk
Selective reporting (re- Low risk Comment: adequate. The outcomes were reported as planned
porting bias)
Other bias Low risk Quote (author's reply): "The gender, age and severity of disease were compa-
rable in both groups"
Comment: low risk
Song 2012
Methods Study type: RCT
Sample size calculation: yes
Follow-up period: 12 months
Loss to follow-up: 68 participants with 68 teeth lost at 12 months
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Song 2012 (Continued)

Intention-to-treat analysis: no

Funding: the National Research Foundation of Korea

Participants

Country: South Korea
Centres: 1
Inclusion criteria: all root-filled cases with symptomatic or asymptomatic apical periodontitis

Exclusion criteria: teeth with Class Il mobility or greater, horizontal and vertical fractures, and perfora-
tions. Through endodontic microsurgery, teeth with a through-and-through lesion and/or a lesion of
combined periodontal endodontic origin were also excluded

Total recruited: number of participants: 260; number of teeth: 260; age range: unclear; mean age: un-
clear; gender (male/female): unclear

« Intervention group: number of participants: 130; number of teeth: 130; age range: unclear; mean age:
unclear; gender (male/female): unclear

« Control group: number of participants: 130; number of teeth: 130; age range: unclear; mean age: un-
clear; gender (male/female): unclear

Interventions

Materials

« Intervention group: mineral trioxide aggregate (MTA)
« Control group: super ethoxybenzoic acid cement (Super-EBA)

Preparation of the cavity: ultrasonic apical preparation, with microscope

Outcomes Success rate: using criteria from Molven 1987 and Molven 1996 which required an assessment with the
combination of clinical and radiological methods
Adverse events: not reported

Notes

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "They [teeth] were randomly assigned to either the Super-EBA group
or the MTA group (130 teeth per group) using the 'minimization method' as de-
scribed by Pocock"

Comment: low risk

Allocation concealment
(selection bias)

Unclear risk Quote: "The random allocation sequence was generated by an assistant." Au-
thor's reply: "When the patient registered, we gave the patient information re-
garding sex, age, tooth type and got the assignment group"

Comment: low risk

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote (author's reply): "Patients and statistician do not know but the opera-
tors know the allocated intervention because the MTA and Super-EBA is differ-
ent by just looking"

Comment: high risk

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The radiographic findings were evaluated blindly and independently
by 2 examiners using the same criteria"
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Song 2012 (Continued)

Comment: low risk

Incomplete outcome data  High risk Quote: "Among the 260 teeth included in this randomized controlled trial, 192
(attrition bias) teeth were examined at the 12-month follow-up"

All outcomes
Comment: Teeh/participants lost to follow-up reached to 26.1%, high risk

Selective reporting (re- Low risk Comment: low risk. The outcomes were reported as planned
porting bias)

Other bias Low risk Quote: "The following 3 randomization factors were considered: sex, age, and
tooth type"

Comment: low risk

Wilivaara 2011

Methods Study type: RCT
Sample size calculation: no
Follow-up period: 12 months
Loss to follow-up: 7 participants with 8 teeth were lost at 12 months
Intention-to-treat analysis: no

Funding: unclear

Participants Country: Sweden
Centres: 1

Inclusion criteria: all teeth were included except those with obvious root fractures or advanced peri-
odontal disease

Exclusion criteria: teeth with obvious root fractures or advanced periodontal disease

Total recruited: number of participants: 164; number of teeth: 206; age range: unclear; mean age: un-
clear; gender (male/female): 65/99

« Intervention group: number of participants: unclear; number of teeth: 99; age range: unclear; mean
age: unclear; gender (male/female): unclear

« Control group: number of participants: unclear; number of teeth: 107; age range: unclear; mean age:
unclear; gender (male/female): unclear

Interventions Materials

« Intervention group: super ethoxybenzoic acid cement (Super-EBA)
« Control group: intermediate restorative material (IRM)

Preparation of the cavity: ultrasonic apical preparation using x 2.3 magnification operation loupes

Outcomes Success rate: using combined criteria (Molven 1987; Rud 1972) which required an assessment with the
combination of clinical and radiological methods

Adverse events: not reported

Notes
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Walivaara 2011 (continued)

Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  Low risk Quote: "The randomization procedure was performed using a standard ran-
tion (selection bias) domization table"

Comment: low risk
Allocation concealment High risk Quote (author's reply): "The allocation to either material group was performed
(selection bias) according to a randomization table and thus not concealed"

Comment: high risk
Blinding of participants High risk Quote (author's reply): "The patients were informed/consented about the
and personnel (perfor- study at the surgery appointment and the operator got the information of
mance bias) which material to use at the start of the surgery. The statistician just received
All outcomes all numbers/figures after the study was completed"

Comment: high risk
Blinding of outcome as- Unclear risk Comment: unclear risk. No information on blinding of outcome assessment
sessment (detection bias) was provided
All outcomes
Incomplete outcome data  Low risk Comment: low risk. 7 participants lost to follow-up. The lost to follow-up rate <
(attrition bias) 10%
All outcomes
Selective reporting (re- Low risk Comment: low risk. The outcomes were reported as planned
porting bias)
Other bias Low risk Comment: low risk

RCT =randomised controlled trial.

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Burstein 2001

Study design: unclear

The study author did not mention randomisation. We have tried to contact the authors, but no re-
sponse was obtained

Christiansen 2009

Study design: the control group does not have retrograde obturation with any material

Quote: "The aim of the present study was to compare periapical healing after root-end resection
followed by a root-end filling with MTA or smoothing of the orthograde gutta-percha (GP) root fill-

ing only"

Hou 2008

Inadequate study design: no radiological outcome was recorded

Nordenram 1970

Study design: unclear

The study author did not mention randomisation. We have tried to contact the authors, but no re-
sponse was obtained
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Study Reason for exclusion

Pantchev 2009 Study design: retrospective

Quote: "The study is retrospective and the materials consisted of 186 teeth from 131 consecutive
patients who had undergone endodontic surgery during 1993-2003 at a specialist endodontic clin-
icin Vasteras, Sweden"

Pantschev 1994 Study design: unclear

The study author did not mention randomisation. We have tried to contact the authors, but no re-
sponse was obtained

Platt 2004 Inadequate study design: the methods used to prepare the cavity differed in both randomised
groups

Quote: "A shallow concave apical preparation was filled with a light-cured compomer with a light-
cured dental adhesive. As a control, a chemically cured glass ionomer was used with a convention-
al root-end preparation"

Rud 1991 Study design: retrospective study

Quote: "388 cases with retrograde amalgam fillings were selected randomly among patients previ-
ously treated by one of the authors (JR) and all controlled 1 year after the operation"

Rud 1996 Study design: unclear

The study author did not mention randomisation. We have tried to contact the authors, but no re-
sponse was obtained

Schwartz-Arad 2003 Study design: retrospective

Quote: "Retrospective. The study collected 228 patients with 262 endodontically treated teeth be-
tween 1994 and 1999, operated by 2 oral surgeons"

Silva 2016 Study design: insufficient follow-up period
Quote: "The teeth and surrounding tissues were assessed clinically and by CT scan at the 6-month
follow-up"

von Arx 2012 Study design: cohort study

Quote: "To further elucidate the prognosis of apical microsurgery and the outcome predictors, the
purpose of this prospective longitudinal study was to provide evidence for the 5-year outcome of
apical microsurgery in a cohort of patients for whom we previously reported the 1-year outcome"

Walivaara 2009 Study design: quasi-RCT

Quote: "160 teeth in 139 consecutive patients (58 men and 81 women) were randomly allocated in-
to 2 groups according to the date of birth"

CT = computed tomography; MTA = mineral trioxide aggregate; RCT = randomised controlled trial.

DATA AND ANALYSES
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Comparison 1. MTA versus IRM

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Success rate - 1-year outcome (teeth as unit of 2 222 Risk Ratio (M-H, Fixed, 95% CI)  1.09[0.97, 1.22]
analysis)
2 Success rate - 2-year outcome (participants asunit 1 86 Risk Ratio (M-H, Fixed, 95% CI)  1.06[0.89, 1.25]

of analysis)

Analysis 1.1. Comparison 1 MTA versus IRM, Outcome 1 Success rate - 1-year outcome (teeth as unit of analysis).

Study or subgroup MTA IRM Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chong 2003 54/64 44/58 —B— 51.77% 1.11[0.93,1.33]
Lindeboom 2005 46/50 43/50 ——— 48.23% 1.07[0.93,1.23]
Total (95% CI) 114 108 —~lll— 100% 1.09[0.97,1.22]
Total events: 100 (MTA), 87 (IRM)
Heterogeneity: Tau?=0; Chi?=0.12, df=1(P=0.72); I*=0%
Test for overall effect: Z=1.5(P=0.13)

Favours IRM 1 Favours MTA

Analysis 1.2. Comparison 1 MTA versus IRM, Outcome 2
Success rate - 2-year outcome (participants as unit of analysis).

Study or subgroup MTA IRM Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chong 2003 42/47 33/39 —.— 100% 1.06[0.89,1.25]
Total (95% CI) a7 39 100% 1.06[0.89,1.25]
Total events: 42 (MTA), 33 (IRM) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.64(P=0.52) ‘
Favours IRM 05 07 1 15 2 Favours MTA
Comparison 2. MTA versus Super-EBA
Outcome or subgroup title No. of No. of par-  Statistical method Effect size
studies ticipants
1 Success rate - 1-year outcome (participants as unit 1 192 Risk Ratio (M-H, Fixed, 95% 1.03[0.96, 1.10]
of analysis) Cl)
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Analysis 2.1. Comparison 2 MTA versus Super-EBA, Outcome 1
Success rate - 1-year outcome (participants as unit of analysis).

Study or subgroup MTA group Super-EBA Risk Ratio Weight Risk Ratio
group
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Song 2012 86/90 95/102 —.— 100% 1.03[0.96,1.1]
Total (95% CI) 20 102 1.03[0.96,1.1]

Total events: 86 (MTA group), 95 (Super-EBA group)
Heterogeneity: Not applicable
Test for overall effect: Z=0.73(P=0.47)

* 100%
|
|
1

Favours Super-EBA

Comparison 3. Super-EBA versus IRM

Favours MTA

Outcome or subgroup title No. of No. of par-  Statistical method Effect size
studies ticipants

1 Success rate - 1-year outcome (teeth as unit of 1 194 Risk Ratio (M-H, Fixed, 95% CI)  0.90[0.80, 1.01]

analysis)

Analysis 3.1. Comparison 3 Super-EBA versus IRM, Outcome
1 Success rate - 1-year outcome (teeth as unit of analysis).

Study or subgroup Super-EBA IRM group Risk Ratio Weight Risk Ratio
group
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Wilivaara 2011 80/98 87/96 B 100% 0.9[0.8,1.01]
Total (95% Cl) 98 96 - 100% 0.9[0.8,1.01]

Total events: 80 (Super-EBA group), 87 (IRM group)
Heterogeneity: Not applicable
Test for overall effect: Z=1.8(P=0.07)

Favours IRM

1 Favours Super-EBA

Comparison 4. Dentine-bonded resin composite versus glass ionomer cement

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Success rate - 1-year outcome PP analysis (partici- 1 122 Risk Ratio (M-H, Fixed, 95% 2.39[1.60,
pants as unit of analysis) Cl) 3.59]
2 Success rate - 1-year outcome ITT analysis (partici- 1 134 Risk Ratio (M-H, Fixed, 95% 1.83[1.27,
pants as unit of analysis) Cl) 2.64]
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
3 Success rate - 1-year outcome PP analysis (root as 127 Risk Ratio (M-H, Fixed, 95% 1.59 [1.20,
unit of analysis) Cl) 2.09]
4 Success rate - 1-year outcome ITT analysis (root as 178 Risk Ratio (M-H, Fixed, 95% 2.31[1.62,

unit of analysis)

Cl)

3.29]

Analysis 4.1. Comparison 4 Dentine-bonded resin composite versus glass ionomer cement,
Outcome 1 Success rate - 1-year outcome PP analysis (participants as unit of analysis).

Study or subgroup Resin com- Glass ionomer Risk Ratio Weight Risk Ratio
posite
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jensen 2002 44/60 19/62 B 100% 2.39[1.6,3.59]
Total (95% Cl) 60 62 - 100% 2.39[1.6,3.59]

Total events: 44 (Resin composite), 19 (Glass ionomer)
Heterogeneity: Not applicable
Test for overall effect: Z=4.23(P<0.0001)

Favours glass ionomer

0.2

0.5

Favours resin composite

Analysis 4.2. Comparison 4 Dentine-bonded resin composite versus glass ionomer cement,
Outcome 2 Success rate - 1-year outcome ITT analysis (participants as unit of analysis).

Study or subgroup Resin com- Glass ionomer Risk Ratio Weight Risk Ratio
posite
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jensen 2002 44/67 24/67 B 100% 1.83[1.27,2.64]
Total (95% CI) 67 67 e 100% 1.83[1.27,2.64]

Total events: 44 (Resin composite), 24 (Glass ionomer)
Heterogeneity: Not applicable
Test for overall effect: Z=3.26(P=0)

Favours glass ionomer

0.2

0.5

Favours resin composite

Analysis 4.3. Comparison 4 Dentine-bonded resin composite versus glass ionomer
cement, Outcome 3 Success rate - 1-year outcome PP analysis (root as unit of analysis).

Study or subgroup Resin com- Glass ionomer Risk Ratio Weight Risk Ratio
posite
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jensen 2002 60/73 28/54 100% 1.59[1.2,2.09]
Total (95% Cl) 73 54 100% 1.59[1.2,2.09]

Total events: 60 (Resin composite), 28 (Glass ionomer)

Favours glass ionomer

0.2

0.5

1

3 3
-

Favours resin composite
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Study or subgroup Resin com- Glass ionomer Risk Ratio Weight Risk Ratio
posite
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Heterogeneity: Not applicable
Test for overall effect: Z=3.24(P=0)

Favours glass ionomer 0.2 0.5 1 2 5 Favours resin composite

Analysis 4.4. Comparison 4 Dentine-bonded resin composite versus glass ionomer
cement, Outcome 4 Success rate - 1-year outcome ITT analysis (root as unit of analysis).

Study or subgroup Resin com- Glass ionomer Risk Ratio Weight Risk Ratio
posite
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jensen 2002 60/89 26/89 e 100% 2.31[1.62,3.29]
Total (95% CI) 89 89 N 100% 2.31[1.62,3.29]

Total events: 60 (Resin composite), 26 (Glass ionomer)
Heterogeneity: Not applicable
Test for overall effect: Z=4.63(P<0.0001)

Favours glass ionomer 0.2 05 1 2 5 Favours resin composite

Comparison 5. Glass ionomer cement versus amalgam

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Success rate - 1-year outcome (tooth as unit of 1 105 Risk Ratio (M-H, Fixed, 95% Cl) 0.980.86,1.12]
analysis)
2 Success rate - 5-year outcome (tooth as unit of 1 82 Risk Ratio (M-H, Fixed, 95% Cl) 1.0[0.84,1.20]
analysis)

Analysis 5.1. Comparison 5 Glass ionomer cement versus amalgam,
Outcome 1 Success rate - 1-year outcome (tooth as unit of analysis).

Study or subgroup Glass ionomer Amalgam Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jesslen 1995 47/53 47/52 B 100% 0.98[0.86,1.12]
Total (95% Cl) 53 52 ¢ 100% 0.98[0.86,1.12]

Total events: 47 (Glass ionomer), 47 (Amalgam)
Heterogeneity: Tau?=0; Chi?=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.29(P=0.78)

‘
Favours amalgam 05 07 1 15 2 Favours glass ionomer
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Analysis 5.2. Comparison 5 Glass ionomer cement versus amalgam,
Outcome 2 Success rate - 5-year outcome (tooth as unit of analysis).

Study or subgroup Glass ionomer Amalgam Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jesslen 1995 35/41 35/41 -.— 100% 1[0.84,1.2]
Total (95% CI) 41 41 ¢ 100% 1[0.84,1.2]

Total events: 35 (Glass ionomer), 35 (Amalgam)

Heterogeneity: Not applicable

Test for overall effect: Not applicable ‘
1

‘ ‘
Favours amalgam 05 07 15 2 Favours glass ionomer

APPENDICES

Appendix 1. Cochrane Oral Health's Trials Register search strategy

From March 2015, searches of Cochrane Oral Health's Trials Register for this review were undertaken using the Cochrane Register of Studies
and the search strategy below:

1 ((apicoectom* or apicectom* or "root canal" or periapical* or periradicular* or endodont* or apical*):ti,ab) AND (INREGISTER)

2 ((retrograd™ or retrofill* or retro-fill* or retroseal* or retro-seal* or "apical* seal*" or "apical* prepar*" or retroprepar*):ti,ab) AND
(INREGISTER)

3 (#1 and #2) AND (INREGISTER)

Previous searches of the Register were undertaken using the Procite software and the search strategy below:

((apicoectom* or apicectom* or "root canal" or periapical* or periradicular* or endodont* or apical*) AND (retrograd™ or retrofill* or retro-
fill* or retroseal* or retro-seal* or "apical* seal*" or "apical* prepar*" or retroprepar*))

Appendix 2. Cochrane Central Register of Controlled Trials (CENTRAL) search strategy

#1 MeSH descriptor Apicoectomy this term only

#2 MeSH descriptor Root Canal Therapy explode all trees

#3 (apicect® in All Text or apicoect™ in All Text)

#4 ("root canal therapy" in All Text or ("root canal*" in All Text near/6 treatment in All Text) or ("root canal*" in All Text near/6 filling* in All
Text) or ("root canal*" in All Text near/6 restor* in All Text) )

#5 MeSH descriptor Tooth apex this term only

#6 MeSH descriptor Periapical diseases explode all trees

#7 endodontic* in All Text

#8 ((apex in All Text or apical® in All Text) and (surgery in All Text or surgical in All Text))

#9 (periapical* in All Text or periradicular in All Text)

#10 MeSH descriptor Retrograde obturation explode all trees

#11 ((retrograde in All Text near/6 fill* in All Text) or retrofill* in All Text or retro-fill* in All Text or retroseal* in All Text or retro-seal* in All
Text or (retro* in All Text near/6 seal™ in All Text) or retro-seal* in All Text or (root next end in All Text near/6 fill* in All Text) or (root-end in
All Text near/6 fill* in All Text) or (root next end in All Text near/6 seal* in All Text) or (root-end in All Text near/6 seal* in All Text) or apical*
next seal* in All Text or (apical® in All Text near/6 prepar* in All Text) or retroprepar™ in All Text or retro-prepar* in All Text or retrograd* in
All Text or (reverse in All Text near/6 obturat* in All Text) or (reverse in All Text near/6 fill* in All Text))

#12 (#10 or #11)

#13 (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9)

#14 (#12 and #13)

Appendix 3. MEDLINE Ovid search strategy

1. Apicoectomy/

2. exp Root Canal Therapy/

3. (apicect$ or apicoect$).mp.

4. ("root canal$ therap$" or ("root canal$" adj6 treatment$) or ("root canal$" adjé filling$) or ("root canal$" adj6 restor$)).mp.
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Tooth apex/

exp Periapical diseases/

(periapical$ or periradicular).mp.
endodont$.mp.

((apex or apical$) and (surgery or surgical$)).mp.
10.0r/1-9

11.((retrograde adjé6 fill$) or retrofill$ or retro-fill$ or retroseal$ or retro-seal$ or (retro adj6 seal$) or ("root end" adj6 fill$) or (root-end adj6
fill$) or ("root end" adj6 seal$) or (root-end adj6 seal$) or "apical$ seal$" or "apical$ prepar$" or retroprepar$ or retrograd$ or (reverse
adj6 obturat$) or (reverse adj6 fill$)).mp.

12.Retrograde obturation/
13.110r12
14.10 and 13

A

The above subject search was linked to the Cochrane Highly Sensitive Search Strategy (CHSSS) for identifying randomised trials (RCTs)
in MEDLINE: sensitivity maximising version (2009 revision) as referenced in Chapter 6.4.11.1 and detailed in box 6.4.c of theCochrane
Handbook for Systematic Reviews of Interventions, Version 5.1.0 (updated March 2011) (Lefebvre 2011).

randomized controlled trial.pt.
controlled clinical trial.pt.
randomized.ab.

placebo.ab.

drug therapy.fs.
randomly.ab.

trial.ab.

groups.ab.

or/1-8

10.exp animals/ not humans.sh.
11.9not 10

W oeNo WM

Appendix 4. Embase Ovid search strategy

Endodontics/

exp Root Canal Filling Material/

(apicect$ or apicoect$).mp.

((root adj canal adj therapy) or (root adj canal$ adj6 treatment) or (root adj canal$ adjé filling$) or (root canal$ adj6 restor$)).mp.
Tooth Root Canal/ or Tooth root/

Tooth Periapical Disease/

(periapical$ or periradicular or peri-radicular).mp.

endodontic$.mp.

. (apex or apical$).mp.

10.((retrograde adj6 fill$) or (retrograde adj obturat$) or retrofill$ or retro-fill$ or retroseal$ or retro-seal$ or (retro$ adj6 seal$) or retro-

seal$ or (root adj end adj6 fill$) or (root-end adj6 fill$) or (root adj end adj6 seal$) or (root-end adj6 seal$) or apical$ next seal$ or apical
$ near prepars$ or retroprepar$ or retro-prepar$ or retrograd$ or (reverse adj6 obturat$) or (reverse adjé6 fill$)).mp.

11.o0r/1-9
12.10and 11

NGO REWN

The above subject search was linked to Cochrane Oral Health's RCT filter for Embase Ovid:

1. randomS$.ti,ab.

2. factorial$.ti,ab.

3. (crossover$ or cross over$ or cross-over$).ti,ab.
4. placebo$.ti,ab.

5. (doubl$ adj blind$).ti,ab.

6. (singl$ adj blind$).ti,ab.

7. assign$.ti,ab.

8. allocat$.ti,ab.

9. volunteerS.ti,ab.

10. CROSSOVER PROCEDURE.sh.
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11. DOUBLE-BLIND PROCEDURE.sh.

12. RANDOMIZED CONTROLLED TRIAL.sh.

13. SINGLE BLIND PROCEDURE.sh.

14.0r/1-13

15. (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.)
16.14 NOT 15

Appendix 5. LILACS BIREME Virtual Health Library search strategy

Mh apicoectomy or Mh root canal therapy or apicoect$ or apicect$ or "root canal$ therap$" or "root canal$ treat$" or "root canal fill§" or
"root canal restror$" or Mh Tooth apex or Mh Periapical diseases or periapical$ or periradicular or endodont$)) [Words] and (Mh Retrograde
obturation or (retrograde and fill$) or retrofill$ or retro-fill$ or "retro seal$" or "retro-seal$" or retroseal$ or "root end fill$" or "root-end
fill$" or "root end seal$" or "root-end seal$" or "apical seal$" or "apical prepar$" or retroprepar$ or retrograd$ or (reverse and obturat$
or (reverse and fill$))

The above subject search was linked to the Brazilian Cochrane Center filter for LILACs via BIREME:

Pt randomized controlled trial OR Pt controlled clinical trial OR Mh randomized controlled trials OR Mh random allocation OR Mh
double-blind method OR Mh single-blind method) AND NOT (Ct animal AND NOT (Ct human and Ct animal)) OR (Pt clinical trial OR Ex
E05.318.760.535$ OR (Tw clin$ AND (Tw trial$ OR Tw ensa$ OR Tw estud$ OR Tw experim$ OR Tw investiga$)) OR ((Tw singl$ OR Tw simple
$ OR Tw doubl$ OR Tw doble$ OR Tw duplo$ OR Tw trebl$ OR Tw trip$) AND (Tw blind$ OR Tw cego$ OR Tw ciego$ OR Tw mask$ OR Tw
mascar$)) OR Mh placebos OR Tw placebo$ OR (Tw random$ OR Tw randon$ OR Tw casual$ OR Tw acaso$ OR Tw azar OR Tw aleator$) OR
Mh research design) AND NOT (Ct animal AND NOT (Ct human and Ct animal)) OR (Ct comparative study OR Ex E05.337$ OR Mh follow-up
studies OR Mh prospective studies OR Tw control$ OR Tw prospectiv$ OR Tw volunt$ OR Tw volunteer$) AND NOT (Ct animal AND NOT (Ct
human and Ct animal)))and not (Ct ANIMAL AND NOT (Ct HUMAN and Ct ANIMAL)))

Appendix 6. OpenSIGLE search strategy

o (("root canal") AND (fill* or restor*? or therap* or treatment*))
« ((endodont*) AND (fill* or restor*? or therap* or treatment*))
o ((retrograd*) AND (fill* or restor* or seal* or prepar*))

« apicectom* or apicoectom”

Appendix 7. US National Institutes of Health Ongoing Trials Register (ClinicalTrials.gov) and the WHO International
Clinical Trials Registry Platform search strategies

retrograde AND filling
retrograde AND seal
retrograde AND sealant
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the protocol.

The primary outcome was renamed as success rate; radiological outcome and clinical outcome were all considered criteria or subsets
of success rate. The meaning of the outcome was not changed. Adverse events were added as a secondary outcome.

More electronic databases (e.g. LILACS, VIP, China National Knowledge Infrastructure) were added to try to identify more non-English
studies. Ongoing/unpublished studies searching (via US National Institutes of Health Ongoing Trials Register ClinicalTrials.gov, World
Health Organization International Clinical Trials Registry Platform, Sciencepaper Online) was also added.

For the risk of bias assessment, seven domains were adopted instead of the previous four domains as it is suggested in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011); and the GRADE system was introduced.

The random-effects model was used when the number of studies for each outcome exceeded four instead of using it throughout.
Intention-to-treat analysis was added as one of the sensitivity analysis.

Following the introduction of RevMan 5 (RevMan 2014) and the conversion to a new review format, more subsections have been added
to the methods section including: unit of analysis issues, dealing with missing data, assessment of reporting biases, subgroup analysis
and investigation of heterogeneity, and presentation of main results.

INDEX TERMS

Medical Subject Headings (MeSH)

Dental Amalgam [therapeutic use]; Dental Cements [*therapeutic use]; Glass lonomer Cements [therapeutic use]; Hydroxybenzoate
Ethers [therapeutic use]; Randomized Controlled Trials as Topic; Resin Cements [therapeutic use]; Root Canal Filling Materials
[*therapeutic use]; Root Canal Therapy [*methods]
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